Abstract. Estimates of size at maturity are crucial to fisheries stock assessments and may change spatially and temporally. This study directly compares life-history characteristics of a skate species in two large marine ecosystems in a region where there is both a directed fishery and considerable skate by-catch in other fisheries. The Bering skate, Bathyraja interrupta, is one of the most common skate species in Alaskan waters, occurring in two large marine ecosystems, the eastern Bering Sea (EBS) and the Gulf of Alaska (GOA), but little is known about its life history. Skates were sampled from both regions between 2004 and 2007. In the GOA, the size at maturity was estimated to be 69 cm total length (TL) for males and 71 cm TL for females, while in the EBS size at maturity was estimated as 70 cm and 72 cm TL for males and females, respectively. Median size at maturity differed by sex but not by region. Our results indicate that B. interrupta shows late maturity, typical of most skate species, suggesting that more detailed monitoring of skate populations and precautionary management is warranted as skate fisheries expand.
Introduction
Elasmobranchs are considered to be especially vulnerable to overfishing owing to their slow growth, late age at maturation and low fecundity Stevens et al. 2000; Dulvy and Reynolds 2002) . Despite these characteristics, skates have received comparatively little research relative to sharks, although some species are the target of major fisheries worldwide (Food and Agriculture Organization 2009 ). Owing to their prevalence as by-catch in groundfish fisheries and in directed fisheries, skates have become a taxon of concern. They are especially vulnerable to groundfish fisheries because of their generally large size and demersal life style (Walker and Hislop 1998; Ebert et al. 2008a Ebert et al. , 2008b . The decline of some skate populations in recent decades, especially in the North Atlantic, has been attributed to fishing pressures (Walker and Hislop 1998; Frisk et al. 2005) .
Skate landings in Alaskan waters have been increasing and greatly exceed those of all other North American states combined, with an annual skate catch in the Gulf of Alaska estimated to range from ,5500 to 9000 metric tonnes (Ormseth and Matta 2007a) . Large numbers of skates are taken as by-catch in longline and bottom trawl fisheries . In addition, a directed fishery for skates has recently re-emerged in Alaskan waters. In the past, skates have been a relatively unprofitable target species; however, the intent of the fishery is to provide a cheap, easy means for entry-level fishers to join the industry and supplement the local economy when the salmon fishery is closed. The Alaskan fishery opened despite concerns of insufficient life-history data available for proper management, demonstrating an expansion or shift into inferior, less profitable fisheries. Furthermore, the emerging directed fishery in the Gulf of Alaska (GOA) has indicated potential for expanded development of a skate fishery in the eastern Bering Sea (EBS), where skates are only taken as by-catch currently.
While estimates of median size at maturity are crucial to fisheries stock assessments, these may change both spatially and temporally owing to environmental factors, population density or patchy fishing pressures (Rochet 2000; Sosebee 2005; Walker 2007 ). Regional differences in size at maturity have been noted for several species of elasmobranchs (Templeman 1987; Yamaguchi et al. 2000; Lombardi-Carlson et al. 2003) . Often in cases where regional comparisons have been described for elasmobranchs, the same authors did not conduct the studies being compared; therefore, differences may be attributed to methodology rather than biology. In addition, studies of lifehistory parameters have shown considerable variation among individual skate species (Ebert 2005; McFarlane and King 2006 ), yet they are generally managed as aggregate groups. The reemergence of the Alaskan skate fishery has seen a shift towards species-specific management initiatives, but a deficiency in lifehistory data for this species-complex has inhibited better management practices .
Bathyraja interrupta, the Bering skate, is the second most common species on the EBS shelf, and is one of the five most commonly caught skates in the GOA Matta 2007a, 2007b) . It is generally found at depths of 55 to 1372 m in the EBS and the GOA (Mecklenburg et al. 2002) . To date, there have been few studies on the ecology and reproductive biology of B. interrupta (Ebert 2005) .
Given that size at maturity may change spatially and considering the differences in environmental conditions and fishing pressures between the two large marine ecosystems (GOA and EBS), we tested two hypotheses: (1) median size at maturity differs by sex; and (2) median size at maturity differs by region. Significant differences in these parameters may affect the way the populations respond to fishing pressures and should be taken into account in the management of elasmobranch species with broad geographic ranges.
Materials and methods

Sources of samples
Specimens of B. interrupta from the EBS were collected from Unalaska and Akutan islands (548N, 1668W) to the Navarin Canyon (618N, 1808W) on the USA-Russia border during the 2004 National Marine Fisheries Service Alaska Fisheries Science Center (NMFS-AFSC) Eastern Bering Sea Continental Slope survey (Hoff and Britt 2005) . In the GOA, specimens were 
Biological measurements
External and internal morphometrics were taken upon capture at sea or dockside, including total length (TL) and disc width (DW), measured to the nearest millimetre (mm). The TL measurements are presented here rounded to the nearest centimetre (cm). Inner clasper length was measured from the insertion of the clasper near the pelvic fin to the tip, to the nearest mm for each male. The widths of the oviducal gland and uterus were measured to the nearest mm at the widest point for each female. When the yellow vitellogenic ova were intact, the number of ova was counted in each ovary and the maximum ovum diameter (MOD) for each female was measured to the nearest mm. The total number of mature ova for each individual was calculated as the sum of the left and right ova counts. Weight (W) was recorded when possible and was reported to the nearest 0.01 kg. Complete metrics were not obtained from every individual, therefore not all sample sizes add up to the overall totals. Following recommendations by Francis (2006) , TL was used as the main body measurement, although equations for the relationship between TL and DW are presented to facilitate conversion.
Linear regressions were fitted to the TL and DW data, and an analysis of covariance (ANCOVA) was used to examine differences in the linear relationship between sexes and regions. Residual plots were examined to confirm that the error terms met the assumptions of normality and homogeneity of variance. Power regressions were used to describe the weight-length data for each sex and region following the equation from Ricker (1973) , W ¼ aTL b , in which a and b are fitted constants (SigmaPlot 10.0, SPSS Inc., Chicago, IL). To facilitate comparison and meet assumptions, linear regressions were fitted to the log-transformed TL and weight data and an ANCOVA was used to compare differences in this relationship between sexes and regions.
Each individual was assigned a maturity status, determined by examination of the gonads and, in males, the rigidity of the claspers. The criteria were modified from the reproductive status guidelines used by Ebert (2005) : 1 ¼ embryos; 2 ¼ juveniles; 3 ¼ adolescents; 4 ¼ adults; and 5 ¼ gravid females.
Juvenile males had short and flexible claspers and thin, threadlike testes without obvious coiling in the epididymis. In adolescent males, the claspers extended beyond the posterior margin of the pelvic fins. However, the terminal cartilage elements were not yet fully calcified and the epididymis was loosely coiled. Adult males had elongated, rigid calcified claspers and a tightly coiled epididymis. A subsample of whole reproductive tracts from male individuals was preserved in 10% formaldehyde for histology.
Juvenile females lacked ovarian or oviduct development and the oviducal gland appeared as a slight bulge in the thin, transparent uterus. Adolescent females showed small, slightly differentiated ovaries that lacked vascularisation, and the oviducal gland was a noticeable bulge rather than the kidney-bean shape of a developed gland. Adult females had vascularised, usually yellowish, ovarian eggs, and the oviducal gland was distinctly differentiated from the oviducts, forming a kidneybean shape. Gravid females had egg cases in utero.
A Chi-square goodness-of-fit test was used to test for a 1 : 1 sex ratio for each region and maturity status. The overall sex ratios include all individuals that were sexed during the study, while the analysis of sex ratios by maturity status was limited to the individuals that were assigned maturity during the study period. Except where stated otherwise, all statistical analyses were performed using SPSS 11.0 (SPSS Inc.).
Maturity
First maturity was considered to be the size of the smallest mature individual examined for each sex and location. To calculate the median size at maturity, the initial maturity condition was modified to a binomial dataset (immature ¼ 0 and mature ¼ 1). Individuals were pooled into size bins (1.5 cm TL) and the proportion of mature individuals was calculated for each bin. Using the statistical program SigmaPlot 10.0, a logistic regression was fitted by sex and region to the length data (Roa et al. 1999; Ebert 2005) , and 95% confidence intervals were calculated:
where x ¼ TL and Y ¼ maturity status. Median TL at maturity (TL 50 ) was calculated as 'Àa/b'. Two hypotheses were tested using logistic regression model Wald x 2 likelihood ratio tests: (1) median size at maturity differs by sex; and (2) median size at maturity differs by region. Since each factor had only two categories (region ¼ EBS or GOA and sex ¼ male or female), there were not enough degrees of freedom to test for an interaction between the two factors.
Histology
Histological techniques were employed to investigate seasonal changes in the testes and to corroborate the macroscopic maturity assessments. A tissue sample (3-4 mm thick) was removed from preserved testes, placed in cassettes for sectioning and stored in 70% ethanol for transportation. Fixed tissues were further dehydrated in a graded series of ethanol and subsequently embedded in a series of paraffin baths, sectioned to a thickness of 8-10 mm and stained using standard haematoxylin and eosin staining following Maruska et al. (1996) . Once prepared, the sections were examined under a compound microscope. The stages of spermatogenesis were classified as: stage I, germinal zone; stage II, early spermatocysts; stage III, spermatocytes; stage IV, spermatids; stage V, immature spermatozoa; stage VI, mature spermatocysts; and stage VII, empty spermatocysts (Maruska et al. 1996; Ebert et al. 2008a) . Since the developmental stages of spermatogenesis have been well described for skates, and hormonal analysis has confirmed that spermatocyst and spermatid stages are associated with reproductive readiness (Sulikowski et al. 2005 (Sulikowski et al. , 2006 , we concentrated on stages III-VI (Maruska et al. 1996) . For ease of interpretation, stage VII, consisting of empty spermatocysts and free spermatogonia, was combined with stage VI. Spermatocysts were counted and assigned stages along a transect traversing a full and representative section of a testis lobe. The numbers of spermatocysts per stage were summed across individuals for each month, and graphed as a percentage of the total for each stage by month.
Reproduction
The maternity status of a mature female was defined by the presence of egg capsules in the uteri (present ¼ gravid; absent ¼ non-gravid). A paired t-test was used to test for a difference between the mean number of mature ova in the left and right ovaries. Data were tested for the assumption of normality of differences using the one-sample KolmogorovSmirnov test, and in cases of significant deviations, a nonparametric test (Wilcoxon Signed Ranks) was conducted. For each region, ANCOVAs were used to test for the effects of month (factor) or maternity status (factor) on the relationship between MOD (dependent) and female TL (fixed covariate). The same approach was used to test the effects of month (factor) or maternity status (factor) on the relationship between total number of mature ova (dependent) and female TL (fixed covariate). In all of the above analyses, residual plots were examined to confirm that the error terms met the assumptions of normality and homogeneity of variance. To test whether the proportions of mature females with developing egg cases in utero were equal among months, a Chi-square goodness of fit test was performed. The expected values were calculated by multiplying the total sample size for each month by the total mean percentage gravid for all months combined. Following Cohen (1988) , a power analysis was conducted to assess the Chi-square test.
Results
Biological measurements
Eastern Bering Sea 
Maturity Eastern Bering Sea
Maturity stages were assigned for 226 males and 177 females. The largest immature male was 85 cm TL, while the smallest mature male was 65 cm (Fig. 1) . The largest immature female was 84 cm TL, while the smallest mature female was 69 cm. The TL at 50% maturity (TL 50 ) was estimated as 70 cm TL for males and 72 cm TL for females (males: R 2 ¼ 0.988, P , 0.0001, n ¼ 43; females: R 2 ¼ 0.985, P , 0.0001, n ¼ 43) (Fig. 1) .
Gulf of Alaska
Maturity stages were assigned for 572 males and 636 females. The largest immature male was 78 cm TL, while the smallest mature male was 63 cm TL (Fig. 1) . The largest immature female was 86 cm TL, while the smallest mature female was 67 cm. The TL 50 was estimated as 69 cm TL for males and 71 cm TL for females (males: R 2 ¼ 0.981, P , 0.0001, n ¼ 45; females: R 2 ¼ 0.993, P , 0.0001, n ¼ 46) (Fig. 1) .
Maturity hypotheses
Sex and TL were statistically significant predictors of maturity (hypothesis 1 -sex: x 0.05,1 2 ¼ 13.617, P , 0.001; TL: x 0.05,1 2 ¼ 1546.423, P , 0.001), while region (GOA versus EBS) was not significant (hypothesis 2 -x 0.05,1 2 ¼ 0.005, P ¼ 0.945).
Reproduction Eastern Bering Sea
The mean number of mature ova, when mature ova were present, was 11.6 ova (AE6.2 s.d., n ¼ 45), and the mean MOD was 30.5 mm (AE5.4 mm s.d., n ¼ 45). No difference was found in the mean number of mature ova in the left and right ovaries using a paired t-test (t 0.05(2),41 ¼ À0.556, P ¼ 0.581). No significant relationship was found between the MOD and female TL when accounting for the month of sampling (ANCOVA: a statistical comparison of the proportion of mature females with developing egg cases in utero was not possible; nevertheless, proportions from June, July and August appear approximately equal, with a slight peak in July (Fig. 2) . Only six histology samples out of nine were available from the EBS; males with mature spermatocysts were found in both months examined (Fig. 3) .
Gulf of Alaska
The mean number of mature ova was 10.3 (AE4.3 s.d., n ¼ 257), and the MOD was 32.1 mm (AE6.7 mm s.d., n ¼ 298). As differences in left and right ova counts were not normally distributed (Kolmogorov-Smirnov test: Z ¼ 1.416, P ¼ 0.036, n ¼ 256), a Wilcoxon Signed Ranks test was conducted and found no significant difference between left and right ova counts in the GOA (Z 0.05(2) ¼ À0.329, P ¼ 0.742, n ¼ 256).
While the female TL-MOD relationship was significant (ANCOVA: F 1,286 ¼ 12.787, P , 0.001), it did not differ by month of sampling (F 5,286 ¼ 0.851, P ¼ 0.514) and no significant interaction was detected between month and TL (F 5,286 ¼ 0.933, P ¼ 0.460). Additionally, when all months were pooled and the relationship was tested for differences between gravid and non-gravid mature females (maternity status), no significant relationship with female TL was detected (ANCOVA: F 1,294 ¼ 0.887, P ¼ 0.347). The MOD-female TL relationship can be described as a significant, but highly variable linear regression (R 2 ¼ 0.025, F 1.296 ¼ 7.631, P ¼ 0.006; Fig. 4) . A positive significant relationship was found between female TL and the total number of mature ova (ANCOVA: F 1,245 ¼ 17.280, P , 0.001); the relationship did not differ among months of sampling (F 5,245 ¼ 1.554, P ¼ 0.174) and there was no significant interaction between maternity status and female TL (F 5,245 ¼ 1.748, P ¼ 0.124). When the relationship was tested for differences between gravid and non-gravid mature females with all months pooled, a positive significant relationship was detected for the GOA (ANCOVA: F 1,253 ¼ 10.372, P ¼ 0.001). The relationship did not differ between maternity statuses (F 1,253 ¼ 2.470, P ¼ 0.117), and there was no significant interaction between month and TL (F 1,253 ¼ 2.579, P ¼ 0.110). Therefore, the relationship between female TL and total number of mature ova can be described by a significant, but highly variable linear regression (R 2 ¼ 0.033, F 1,255 ¼ 8.830, P ¼ 0.003; Fig. 4) .
A Chi-square test comparing the proportion of mature females with developing egg cases in utero failed to reject the null hypothesis of equal proportions among months (x 0.05,5 2 ¼ 8.27, P . 0.10, n ¼ 343; Fig. 2 ). However, a post hoc power analysis determined that there was only a 54% probability of rejecting the null if the null was false (a ¼ 0.05, d.f. ¼ 5, n ¼ 51, w ¼ 0.41, power ¼ 54).
Results of the histological analysis demonstrate that spermatocysts began to mature in males of 62.0 cm TL or greater and were present in all males over 66 cm TL (Fig. 5) . Of the 70 testes from the GOA prepared for histology, 67 were useable for analysis. Males with mature spermatocysts were found in each month studied (Fig. 3) . However, statistical analyses were not conducted owing to the highly variable sample sizes. 
Discussion
Sexual dimorphism
The largest B. interrupta reported in this study (a male from the EBS with TL ¼ 89.0 cm) exceeded the maximum size presently reported in literature (Mecklenburg et al. 2002; Ebert 2005) . The largest female was 87.9 cm (GOA), supporting the findings of Ebert (2005) that there is little to no sexual dimorphism in maximum size of this species. In general, contrary to the commonly held axiom that elasmobranchs exhibit sexual dimorphism in size, this is not a uniform characteristic in elasmobranchs, especially in small-and medium-sized skates (,150 cm) (Ebert et al. 2008a (Ebert et al. , 2008b . Regional differences can occur in maximum size, for example both sexes of three skate species from southern Africa attained a larger maximum size on the west coast (¼ Benguela Current Large Marine Ecosystem) than they do on the south coast (¼ Agulhas Current Large Marine Ecosystem) (Ebert et al. 2008b) . There was no difference in maximum size observed between regions for B. interrupta, although there were differences in weight at length. Males from the EBS were heavier at length than GOA males until they reached maturity. Conversely, EBS and GOA females had a very similar TL-W relationship until they reached 60 cm TL.
Although there was no sexual dimorphism found in maximum size, B. interrupta females matured at a larger size than males in both regions. This is true for many elasmobranchs (Cortés 2000) , yet not always true in skates (Ebert 2005; Ruocco et al. 2006) . Skates vary considerably in sexual dimorphism in size at maturity (Table 1) , with those species exhibiting strong sexual dimorphism generally being larger skate species (.1.2 m TL). However, many small-and medium-sized skate species show distinct, but relatively small differences in size at sexual maturity, such as B. interrupta.
Similarly, there may be a difference between sexes in age at maturity, which is an essential maturity parameter for fisheries management. Determining whether sexual dimorphism exists in age at maturity becomes important in the application of demographic models, which typically project the rate of population change for a single sex. If sexual dimorphism in age at maturity does not exist, as found by Ainsley (2009) for B. interrupta, then pooling the sexes can reduce variability in this parameter.
Regional variation in size at maturity
Regional differences in size at maturity have been noted for several species of elasmobranchs (Templeman 1987; LombardiCarlson et al. 2003) , and this variability is important to recognise when managing widely distributed species. While this study did not detect a significant difference in B. interrupta maturity curves (hypothesis 2), Ainsley (2009) found a significant difference in age at maturity for B. interrupta between the EBS and GOA, indicating that differences in growth can lead to differences in age at maturity among regions, even where there is no difference in size at maturity. The results obtained in the present study may have been confounded by temporal variance since no reproductive samples were obtained from the EBS after 2004 and all GOA samples were collected between 2005 and 2007. However, the TL 50 values for the EBS estimated from this study were very similar to those estimated by Ebert (2005) for samples collected in 2002, so it is unlikely that the relatively short mismatch in sampling periods confounded the regional comparison.
Studies have found evidence of significant differences in size at maturity along a latitudinal gradient for viviparous and oviparous chondrichthyans (Lombardi-Carlson et al. 2003; Colonello et al. 2007; Barnett et al. 2009) , and in general the later-to-mature populations are found in the higher latitudes (Cope 2006) . The sampling locations in the two regions compared in the present study occupy the same latitudinal range (548 to 608N), but there may be a latitudinal rather than regional difference in size at maturity in B. interrupta. Bizzarro and Vaughn (2009) , using the same maturity criteria, found the median size at maturity of B. interrupta in insular waters of south-eastern Alaska (548N) to be several cm smaller than the estimates from this study. Given this, maturity studies of B. interrupta from further south, in British Columbia, Canada and Washington State, USA, should be conducted using similar criteria for reproductive classifications to elucidate whether this trend in size at maturity is real or an effect of sampling.
Late maturation
The tendency of elasmobranchs to mature relatively later and larger than teleosts is often used to explain why they may be more vulnerable to overfishing (Walker and Hislop 1998;  Dulvy et al. 2000; Dulvy and Reynolds 2002) . While most teleosts begin to mature between 40 and 80% of their maximum size (Beverton and Holt 1959) , elasmobranchs mature towards the higher end of this spectrum (Holden 1974) , with skates maturing between 75 and 90% of their maximum TL (Ebert 2005; Gedamke et al. 2005) . B. interrupta matures at a larger size (78-82% of the maximum observed TL) and later in life (,57% of oldest estimated age) relative to many other species managed in commercial fisheries (Ainsley 2009 ). The delay in size and age at maturity indicates that immature individuals may make up a larger proportion of direct or indirect catch than in typical teleost fisheries, and traditional teleost management strategies may not be appropriate for skates.
Determination of the maturity status
Past studies have used an abrupt change in clasper length as an indication of male sexual maturity. Eleven of the sixty-seven males (16%) examined for spermatocycst counts had been given a maturity level of 3 in the field based on clasper rigidity, but were later determined to have mature spermatozoa. In at least two of these 11 cases, some coiling was visible but the claspers were still flexible, indicating that despite the presence of mature spermatozoa, these males could not have successfully copulated. A study of the thorny skate, Amblyraja radiata, found that size at 50% maturity calculated using clasper length was smaller than size calculated using histological analysis (Sulikowski et al. 2006) . This contrasts with results of the present study, which indicate the claspers developed more gradually than spermatozoa, in some cases fully maturing after the spermatozoa. To ensure the most accurate determination of the maturity status of a skate in a species that reproduces year round, at least two of these parameters (rigidity of the claspers and the presence of mature spermatozoa) should be considered when practical. 
Female size and fecundity
An increase in the number of embryos with increasing female TL is not uncommon in viviparous elasmobranchs (Lenanton et al. 1990; Yamaguchi et al. 2000; McAuley et al. 2007; Walker 2007) . However, this relationship is more difficult to examine in elasmobranchs that lay egg cases over an extended period of time. The present study showed a significant but highly variable relationship between TL and the total number of mature ova. A similar relationship was also detected for B. parmifera (Matta 2006) , implying that, like many teleosts and sharks, larger and older female skates potentially have higher annual fecundity. Additionally, a relationship was found between female TL and the MOD, regardless of month of sampling, which is in agreement with previous work on B. interrupta and several other Alaskan Bathyraja species (Ebert 2005; Matta 2006 ). Hoff (2007) found a significant but weak relationship between the embryo size and egg case width and a significant but weak relationship between egg case width and female size in B. parmifera, indicating that there may be a positive correlation between female size and embryo size. Since the largest ovum in a female may be days or weeks away from being deposited, it would be more informative to use the size of ova in a fully enclosed egg case ready to be deposited.
Reproductive resting stage
Females of some species may go through periods of 'resting' or senescence during which they are reproductively inactive (Richards et al. 1963; Holden et al. 1971) , which seemed to be the case for a few adult females in both regions that were assigned a maturity condition of '3þ/4À' (EBS ¼ 6/178 and GOA ¼ 7/638). An adult female in a resting or spent stage has greatly reduced ovaries that appear similar to those of a juvenile or adolescent, but the uterus walls appear considerably thicker and more stretched out than those of an adolescent (Ebert 2005) . In study of five captive female Japanese common skates, Okamejei kenojei (Ishihara et al. 2002) , one skate that was kept for over 7 years laid fewer egg cases in the last 2 years of the study, indicating possible decreased fecundity and impending senescence. The '3þ/4À' individuals found in this study were not necessarily the largest or the oldest and may represent maturing females entering their first reproductive cycle. Additionally, there does not appear to be any seasonal pattern to the proportion of resting B. interrupta females, as found for Alantoraja cyclophora (Oddone and Vooren 2005) . Koob et al. (1986) suggested that Raja erinacea, which reproduces year round, undergoes cyclic (though not necessarily synchronised) periods of reproductive inactivity and ovarian recrudescence between spawning periods. If skates have inconsistent periods of reproductive resting, this would be important to account for when quantifying lifetime fecundity for demography and fisheries management purposes.
Reproductive seasonality
Although 51 gravid females were obtained from the GOA and 7 from the EBS, sample collection was limited to only 6 and 3 consecutive months, respectively. As a consequence, results do not conclusively support year-round egg case deposition. However, previous studies of skate reproduction have revealed this to be the case in several Bathyraja species from the eastern North Pacific (Davis 2006; Matta 2006) . As such, year-round egg production is likely in B. interrupta, but samples from the winter months are necessary to confirm this.
Maximum total length and susceptibility
From results obtained for B. interrupta , it can be inferred that skates exhibit variable life-history traits. Previous studies have suggested that the maximum TL of fish species may be an acceptable proxy for estimating susceptibility to overfishing (Jennings et al. 1998; Frisk et al. 2001) , and that species may be prioritised for management by size. This is based on the notion that skates of similar sizes share similar life-history parameters, and specifically that larger species of elasmobranchs have a higher longevity and lower growth rates (growth coefficient, k). Since there does not appear to be a connection between maximum TL and life-history traits for skates in the eastern North Pacific (Ebert et al. 2007 ), this is not a useful proxy and is not recommended for use by managers of skate fisheries as an approximation of susceptibility to overfishing.
Conclusions
The present study provides critical life-history information on an individual skate species such that management agencies can begin to address concerns regarding lack of species-specific data for the Alaskan skate complex. The results of the study indicate that B. interrupta shows late maturity, typical of most skate species. Additionally, a statistically significant difference in size at maturity was found between sexes. While this difference may not be biologically significant, the distinct parameters can be incorporated into the demographic models for the regional management plans. High levels of fishing mortality have been implicated in dramatic changes in the abundance, distribution and size composition of several skate species in other marine regions and can be perceptible in less than a decade of fishing (Walker and Hislop 1998; Agnew et al. 2000) . Although B. interrupta is currently not a targeted skate species, it is caught as bycatch and occasionally retained (Stevenson and Lewis 2010) . As fisheries expand secondary elasmobranch species can increasingly become commercially important and it is possible that smaller species may be targeted in the future. Given the relatively large size at maturity for B. interrupta and other species, the magnitude of fishing effort within the region and elsewhere, and the susceptibility of skates to fishing mortality before maturity, more detailed monitoring of skate populations and precautionary management is warranted. The findings of this study highlight the broader importance of estimating critical life-history information on skate species-complexes not only on a species-specific basis, but also within geographically extensive stocks.
